Search Strategies
The search yielded 184 abstracts, which were screened for potential relevance to the clinical question of the effect of ventricular catheter entry site on outcome. An initial review of 183 abstracts led to the identification of 14 papers that met the inclusion criteria, and these were recalled for a full-text review. After review of these articles, only 4 papers were deemed relevant for an analysis of the effect of entry point and position of the ventricular catheter in pediatric patients; an additional paper was retrieved during the review of full-text articles. Thus a total of 5 articles were included as evidence to support the recommendation ( Fig. 1) .
For each article included in the evidentiary table (Table 1) , the study type, summary findings, and major conclusions were recorded, and a preliminary data class was assigned. The Pediatric Hydrocephalus Systematic Review and Evidence-Based Guidelines Task Force met to discuss the ranking of the evidence and the classification of data. Recommendations were then made based on the strength of the data in the evidentiary table. In these discussions, if a disagreement was encountered among members, a blinded vote was held and a consensus or majority opinion was reached.
Results
An initial review of the available literature indicated that an occipital entry for the ventricular catheter may be associated with longer shunt survival. In a study by Tuli and colleagues 17 published in 1999, the authors performed a post hoc analysis of data collected during a randomized controlled trial of initial shunts placed in children between birth and age 18 years. The authors reviewed the characteristics of catheter tips and defined their locations as being the frontal horn, occipital horn, body of the lateral ventricle, third ventricle, embedded in brain, or unknown. The authors found that the occipital location was associated with a higher survival rate (HR 0.45; 95% CI 0.28-0.74; p = 0.001) than the frontal location (HR 0.60; 95% CI 0.39-0.91; p = 0.02). 17 In a study by Bierbrauer et al., 4 a prospective analysis of catheter position revealed that 70% of shunts placed posteriorly did not require revision, compared with 59% of shunts placed in the frontal location. A life-table analysis between these groups showed a statistically significant difference in shunt survival that favored the occipital location. However, the strength of the study was diminished by the relatively weak randomization (by odd or even month of shunt placement) used to assign the treatment groups. A large retrospective study of 1719 patients conducted by Sainte-Rose et al. 12 demonstrated similar findings: a lower risk of proximal occlusion in catheters whose tips were in the atrium of the ventricle than in catheters whose tips were in the frontal horn (p < 0.001). The difference in the rates of proximal occlusion primarily occurred during the 1st year after insertion.
The occipital entry point may be advantageous in infants due to the effects of skull and brain growth on final catheter position. 4 Nakahara et al. demonstrated that in shunts placed in infancy, there was a higher degree of ventricular catheter shortening as well as bur hole migration, with growth relative to the ventricle when a frontal location was used. This may result in suboptimal catheter placement over time, even if the initial placement is optimal. 9 These results contrast with those of a retrospective review by Albright et al. 2 published in 1988. That study indicated that the frontal entry location was advantageous with regard to shunt longevity in a series in which most patients were younger than 1 year of age and 90% of cases represented initial shunt placements. The authors noted that shunts inserted at a frontal location were more likely to be optimally placed, leading to longer function. They also analyzed optimally placed shunts inserted at both occipital and frontal entry points, finding improved shunt survival when the devices were inserted via frontal entry, compared with shunts placed with occipital entry, with a long-term function of 70% compared with 40%, respectively. These authors' analysis was flawed, however, by a data collection in which there were many case omissions, as described in the Methods section.
Evidence suggests that having the catheter in an optimal position, surrounded by CSF, may also improve outcomes. Positioning the catheter in this manner is believed to reduce the risk of obstruction by choroid plexus, ependyma, or glial tissues. 13 In the study conducted by Tuli et al., 17 the environment of the ventricular catheter tip was described as surrounded by CSF, touching brain (one side of the ventricular catheter tip in apposition to the ventricular wall), or surrounded by brain (catheter tip in the ventricle, but no visible surrounding CSF). Improved shunt survival was found in patients in whom catheters were surrounded by CSF compared with those in whom shunt tips were surrounded by brain (HR 0.21, 95% CI 0.094-0.45; p = 0.0001). This variable was found to be the greatest predictor of shunt failure, regardless of the location of the catheter tip. 17 
Excluded Articles
Multiple papers were identified but excluded due to their lack of relevance to this specific question as well as to the population studied. Farahmand et al. 5 analyzed the entry point of the ventricular catheter in adult patients as a risk factor for shunt failure, but in that study the follow-up period was only 6 months. That prospective study showed that in the first 6 months after insertion, shunts inserted through a right frontal entry point had lower rates of revision (11.6%; p < 0.001) than those inserted via occipital approaches: right occipital (26.5%; p = 0.003) and left occipital (46.7%; p = 0.024). While these results are worth noting, given the adult-only patient population, we did not include the data in the pediatric recommendations. 5 Another study that we reviewed sought to describe the utility of endoscopic placement of the ventricular catheter, but its analysis did not include sufficient data on entry point. The authors noted in the demographic data where the entry point was located but did not separate groups for analysis. The authors did note, however, that in this patient group a greater distance between the choroid plexus and the catheter tip reduced the risk of failure. 8 Finally, we reviewed a report by Albright et al. from 2010. 1 While those authors did comment on entry point, their paper was a survey of pediatric neurosurgeons that sought to assess trends and was considered to contain insufficient quantitative evidence for inclusion in our recommendation.
The remaining studies 3, 6, 7, 11, [14] [15] [16] were found to have no information relevant to the study question and were excluded. A report by Berry et al. 3 was a retrospective multicenter study covering a large population that did not contain discrete information about entry site. Howard et al. 6 presented a technical note regarding improvement of catheter positioning for occipital entry. Kast and colleagues 7 discussed shunt failure, including ventricular catheter failure, without including any information about entry point. In their 2002 paper, Robinson and coworkers 10 focused on the impact of valve pressure on shunt longevity without addressing variable ventricular catheter positions. Sood et al.
14 presented data on the use of a ventricular reservoir at the shunt site, not ventricular catheter position; and Thomale and associates 16 evaluated ventricular catheter design, not position. Finally, Steinbok et al. 15 used only the occipital entry site in their practice.
Conclusions
Recommendation: There is insufficient evidence to recommend the occipital versus frontal point of entry for the ventricular catheter; therefore, both entry points are options for the treatment of pediatric hydrocephalus. StRength of Recommendation: Level III, unclear degree of clinical certainty. It is unclear which variable (entry point and/or catheter location) affects shunt survival. In other words, frontal versus occipital entry does not completely determine ultimate catheter position. For example, most frontally placed shunts end up in the frontal horn, but some can also end up in the body of the ventricle or the brain. Occipital placement may result in a catheter situated in the occipital horn, atrium, or frontal horn. In no study did researchers analyze patient factors such as preoperative configuration of the ventricles as a factor in the choice of entry site or shunt survival. The creation of conclusive recommendations or guidelines for the entry point or position of a ventricular catheter is impeded by the limited amount of existing evidence and, in most reports, by the lack of a multivariate analysis accounting for patient age at surgery, ventricular configuration, etiology, and other factors that might be relevant to clinical decision making. Review and evaluation of available evidence leads to the recommendation that either entry is acceptable and decisions about catheter entry site should be made based on the clinical scenario and the surgeon's experience. The evidence would seem to support attempts to position the catheter tip so that it is surrounded by CSF and does not contact adjacent tissues. As is often the case, additional randomized controlled studies or comparative effectiveness approaches with larger data sets would provide better evidence to support a stronger recommendation. The use of technical adjuvants to achieve that goal leads to the discussion found in Part 3.
